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In the Claims 

1 . (Currently amended) A piezoelectric air valve to be used for a granular 
material sorting machine comprising: 

an air valve main body including an air pressure chamber for receiving compressed 
air fed from an air pressure feeding means and an air outlet extending from the air 
pressure chamber to an exterior^ 

a valve body for controlling operations to open and close a space between the air 
pressure chamber and the air outlet 7 ; 

a piezoelectric element for generating driving force required for the operations to 
open and close the valve body in the form of displacements^ 

a pair of displacement enlarging mechanisms arranged symmetrically with respect 
to the air outlet as upper and lower displacement enlarging mechanisms, each 
displacement enlarging mechanism enlarges the displacements generated by the 
piezoelectric element and then applies the enlarged displacements to the valve body T j_and 

wherein the valve body, the each displacement enlarging mechanism and the 
piezoelectric element are mechanically connected to one another, and on one hand, the 
operation to open the valve body is performed in accordance with the displacements 
generated by the piezoelectric element and subsequently enlarged by the displacement 
enlarging mechanism when a voltage is applied to the piezoelectric element and, on the 
other hand, the operation to close the valve body is performed in accordance with resetting 
force of the piezoelectric element when the voltage apply i ng applied to the piezoelectric 
element is stopped ; and 

wherein the upper displacement enlarging mechanism comprises: 
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a first hinge member, one end of which is jointed to the air valve main body 
and operates as the fulcrum; 

a second hinge member, one end of which is jointed to the piezoelectric 
element in a substantially parallel relation with respect to the first hinge member 
and operates as the point of power: 

a first arm member to which the respective other ends of the first and second 
hinge members are jointed, the first arm member extending a distance longer than 
the distance between the first hinge member and the second hinge member, and 
the tip portion of which operates as the point of action; and 

a first spring member, one end of which is jointed to the tip portion of the first 
arm member and the other end of which is jointed to a first part of the valve bodv:T 
and 

wherein the lower displacement enlarging mechanism comprises; 

a third hinge member, one end of which is jointed to the air valve main body 
and operates as the fulcrum; 

a fourth hinge member, one end of which is jointed to the piezoelectric 
element in a substantially parallel relation with respect to the third hinge member 
and operates as the point of power; 

a second arm member to which the respective other ends of the third and 
fourth hinge members are jointed, the second arm member extending a distance 
longer than the distance between the third hinge member and the fourth hinge 
member, and the tip portion of which operates as the point of action: and 
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a second spring member, one end of which is jointed to the tip portion of the 
second arm member and the other end of which is jointed to a second part of the 
valve body . 

2. (Currently amended) The piezoelectric air valve according to claim 1 , wherein 
e ach of th e pa i r of th e disp l ac e m e nt e n l arg i ng mechanisms compris e : 

a f i rst hing e m e mber, on e e nd of which is jo i nt e d to th e air valv e main body; 

a s e cond h i nge memb e r wh i ch is substant i a l ly parall e l with r e spect to th e first hing e 
m e mb e r, and on e e nd of wh i ch i s jo i nt e d to the p ie zo ele ctr i c ele m e nt; and 

an arm m e mb e r to wh i ch th e r e spectiv e oth e r e nds of th e f i rst and s e cond h i ng e 
m e m bers ar o jo i nted and e xt e nd i ng a d i stan ce l o n g er t ha n a di stanc e b e tw ee n th e f i rst 
h i ng o m e mb e r and th e s e cond hi ng e m e mb e r, and 

wherein t h e firs t h in g e m e mb e r, th e s e cond h i ng e memb e r a nd th e arm m e mb e r act 
as th e fu l crum, th e po i nt of p o w e r a n d th e po i nt of act ion , r e sp e ct i ve l y, and the 
displacements generated by the piezoelectric element are enlarged L2/L1 times at the 
each point of action by virtue of the principle of a pry, where a distance between the each 
fulcrum and the each point of power is given as L1 and a distance between-the each 
fulcrum and the each point of action is given as L2 (L1 < L2). 

3. (Currently amended) The piezoelectric air valve according to claim 2, wherein 
th e arm m e mb e r inc l ud e s at least one of the first and second arm members include the 
valve body at its tip portion in a unified state. 
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4. (Original) The piezoelectric air valve according to claim 2, wherein the 
second hinge member is connected to the piezoelectric element via a cap member. 

5. (Original) The piezoelectric air valve according to claim 1 , wherein a valve 
seat is provided between the air outlet and the valve body. 

Claims 6-8 (Canceled). 

9. (Currently amended) The piezoelectric air valve according to claim 1 , wherein 
the piezoelectric element, each displacement enlarging mechanism and the valve body are 
provided in the form of a unified unit onto a base plate separated from the air valve main 
body, and the unit is installed in a unit installation region in the air valve main body. 

Claims 10-18 (Canceled). 
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19. (New) A piezoelectric air valve to be used for a granular material sorting 
machine comprising: 

an air valve main body including an air pressure chamber for receiving compressed 
air fed from an air pressure feeding means and an air outlet extending from the air 
pressure chamber to an exterior; 

a valve body for controlling operations to open and close a space between the air 
pressure chamber and the air outlet; 

a piezoelectric element for generating driving force required for the operations to 
open and close the valve body in the form of displacements; 

a pair of displacement enlarging mechanisms arranged symmetrically with respect 
to the air outlet as upper and lower displacement enlarging mechanisms, each 
displacement enlarging mechanism enlarges the displacements generated by the 
piezoelectric element and then applies the enlarged displacements to the valve body; 

wherein the valve body, the displacement enlarging mechanism and the 
piezoelectric element are mechanically connected to one another, and on one hand, the 
operation to open the valve body is performed in accordance with the displacements 
generated by the piezoelectric element and subsequently enlarged by the displacement 
enlarging mechanism when a voltage is applied to the piezoelectric element and, on the 
other hand, the operation to close the valve body is performed in accordance with resetting 
force of the piezoelectric element when the voltage applied to the piezoelectric element is 
stopped; 

wherein each displacement enlarging mechanism comprises a hinge and an arm 
member, the hinge is mechanically connected between the piezoelectric element and the 
arm member, the arm member is mechanically connected to the valve body; and 
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wherein the mechanical connection between the arm member and the valve body 
comprises a spring. 

20. (New) The piezoelectric air valve according to claim 1 9, wherein each of the 
pair of the displacement enlarging mechanisms comprises: 

a first hinge member, one end of which is jointed to the air valve main body; 

a second hinge member which is substantially parallel with respect to the first hinge 
member, and one end of which is jointed to the piezoelectric element; 

an arm member to which the respective other ends of the first and second hinge 
members are jointed and extending a distance longer than a distance between the first 
hinge member and the second hinge member, and 

wherein the first hinge member, the second hinge member and the arm member act 
as the fulcrum, the point of power and the point of action, respectively, and the 
displacements generated by the piezoelectric element are enlarged L2/L1 times at the 
point of action by virtue of the principle of a pry, where a distance between the fulcrum and 
the point of power is given as L1 and a distance between the fulcrum and the point of 
action is given as L2 (L1 < L2). 

21 . (New) The piezoelectric air valve according to claim 20, wherein the second 
hinge member is connected to the piezoelectric element via a cap member. 

22. (New) The piezoelectric air valve according to claim 1 9, wherein a valve seat 
is provided between the air outlet and the valve body. 
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23. (New) The piezoelectric air valve according to claim 19, wherein the 
piezoelectric element, each displacement enlarging mechanism and the valve body are 
provided in the form of a unified unit onto a base plate separated from the air valve main 
body, and the unit is installed in a unit installation region in the air valve main body. 
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24. (New) A piezoelectric air valve to be used for a granular material sorting 
machine comprising: 

an air valve main body including an air pressure chamber for receiving compressed 
air fed from an air pressure feeding means and an air outlet extending from the air 
pressure chamber to an exterior; 

a valve body for controlling operations to open and close a space between the air 
pressure chamber and the air outlet; 

a piezoelectric element for generating driving force required for the operations to 
open and close the valve body in the form of displacements; 

a pair of displacement enlarging mechanisms arranged symmetrically with respect 
to the air outlet as upper and lower displacement enlarging mechanisms, each 
displacement enlarging mechanism enlarges the displacements generated by the 
piezoelectric element and then applies the enlarged displacements to the valve body; 

wherein the valve body, the displacement enlarging mechanism and the 
piezoelectric element are mechanically connected to one another, and on one hand, the 
operation to open the valve body is performed in accordance with the displacements 
generated by the piezoelectric element and subsequently enlarged by the displacement 
enlarging mechanism when a voltage is applied to the piezoelectric element and, on the 
other hand, the operation to close the valve body is performed in accordance with resetting 
force of the piezoelectric element when the voltage applied to the piezoelectric element is 
stopped; 

wherein each displacement enlarging mechanism comprises a hinge and an arm 
member, the hinge is mechanically connected between the air valve main body and the 
arm member, the arm member is mechanically connected to the valve body; and 

S:\na20\003\mo5 9 of 13 



Application Serial No. 10/822,126 
Response to August 7, 2007 Office Action 



NA20-003 



wherein the mechanical connection between the arm member and the valve body 
comprises a spring. 

25. (New) The piezoelectric air valve according to claim 24, wherein each of the 
pair of the displacement enlarging mechanisms comprises: 

a first hinge member, one end of which is jointed to the air valve main body; 

a second hinge member which is substantially parallel with respect to the first hinge 
member, and one end of which is jointed to the piezoelectric element; 

an arm member to which the respective other ends of the first and second hinge 
members are jointed and extending a distance longer than a distance between the first 
hinge member and the second hinge member, and 

wherein the first hinge member, the second hinge member and the arm member act 
as the fulcrum, the point of power and the point of action, respectively, and the 
displacements generated by the piezoelectric element are enlarged L2/L1 times at the 
point of action by virtue of the principle of a pry, where a distance between the fulcrum and 
the point of power is given as L1 and a distance between the fulcrum and the point of 
action is given as L2 (L1 < L2). 

26. (New) The piezoelectric air valve according to claim 25, wherein the second 
hinge member is connected to the piezoelectric element via a cap member. 

27. (New) The piezoelectric air valve according to claim 24, wherein a valve seat 
is provided between the air outlet and the valve body. 
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28. (New) The piezoelectric air valve according to claim 24, wherein the 
piezoelectric element, each displacement enlarging mechanism and the valve body are 
provided in the form of a unified unit onto a base plate separated from the air valve main 
body, and the unit is installed in a unit installation region in the air valve main body. 
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